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Abstract

Stand-replacementprescribedfire hasbeenrecommendedto regeneratestandsof tablemountain pine (PinuspungensLamb.)
in the southernAppalachianmountainsbecausethe specieshasserotinousconesandis shade-intolerant.A 350haprescribed
fire in northeastGeorgiaprovidedan opportunity to observeoverstoiy mortality andregenerationof table mountain pine at
various levels of fire intensity. Fire intensity for eachof 60 study plotswas classifiedby discriminant function analysis.Fires
of low and medium-low intensity gaverise to abundantregenerationbut may not havekilled enoughof the overstoryto
prevent shading. High-intensity fires killed almost all overstorytreesbut may havedestroyedsome of the seeds.Fires of
medium-highintensity may havebeenthe best choice;they killed overstorytreesandallowedabundantregeneration.The
forest floor remainedthick after fires of all intensities,but roots of pine seedlingspenetratedduff layersup to 7.5 cmthick to
reachthe minerai soil. In this studyarea, fire intensity levels did not haveto reachextremelevels in order to successfully
regeneratetable mountain pine. © 1999 ElsevierScienceB.V. All rights reserved.
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I. Introduction

Lightning- and man-causedfires have played a
significant role in the evolution of southernAppala-
chian plants and plant communities (Van Lear and
Waldrop, 1989). Fire suppressionpolicies in effect on
public lands for 7-8 decadeshave probably reduced
diversity in the southern Appalachiansand may threa-
ten the existence of some plants and communities.
Federalfire managementpolicies now call for the
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increaseduse of prescribed burning in the region to
restore forests which were once dominated by fire-
dependentspeciessuch as pitch pine (Pinusrigida
Mill.) and table mountain pine (P. pungens Lamb.)
(Turrill, 1998). Stand replacementprescribedburning
has been recommendedfor both speciesand was
studied in pitch pine standsby Elliot et al. (in press),
Vose et al. (in press),andTurrill (1998). Little researeh
has been done in support of using prescribedburning
to regeneratetable mountain pine stands.

Table mountain pine occurs from central Pennsyl-
vania to northeast Georgia and is endemic to the
Appalachianmountains.It is found on thin, dry soils

0378-I127/99/$—seefront matter© 1999 ElsevierScienceB.V. All rights reserved
P11: S0378-1127(98)00422-8



158 T.A.Waldrop,P,H.Brose/Fores:Ecologyand Management113 (1999) JSS-166

Cover of living and dead shrubsand hardwoods
<3 m tall was measuredin two 10x5 m2 subplots
which were locatedat each end of every 0.02 ha
sampleplot. Two measurementsof crown spreadwere
made for eachshrub, one at the widestpoint of the
crown andthe other at a right angle to the first. These
measurementswere used to estimate the average
radiusto calculatethecrown area.

Regenerationand microsite conditions in the
burnedareasweremeasuredin eachof the 28 subplots,
2x2 m2 in size, spacedsystematicallythroughoutthe
0.02 hasampleplots.Sevensubplotswere established
alongeachof the four transectsso that subplotcenters
wouldbeata3 x 3 m2 spacing.At eachplot center,two
2 m long PVC pipeswere placed at right anglesto
each other and crossingat their centers.With this
placement,thepipesoutlined four I x I m2 quadrants.
The number of pine seedlings, fire severity, and
amountof insolationon theforestfloor wererecorded
for all the four quadrants.Fire severitywasdescribed
as oneof the following categories:

I. unburned;
2. burnedwith partially consumedlitter present;
3. no litter presentand 100%of the areacoveredby

duff;
4. soil exposureon 1—30%of the area;
5. soil exposureon 3 1—60% of the area,or;
6. soil exposureon 61-100%of the area.

Insolation was estimatedbetween 10:00 hours and
14:00hours on sunny daysandwasdescribedasoneof
the following categories:

1. Full shade,
2. 1—30% of the areareceiving direct sunlight,
3. 31-60% of the areareceivingdirect sunlight, or
4. 61-100%of the areareceiving direct sunlight.

Seedlingsandsprouts of hardwoodswere counted
and recorded by speciesin one randomly selected
quadrant at each of the 28 subplots. For sprouts,
number of sprouting rootstocksand the number of
sproutsper rootstockwere recorded.The numberof
pine conespresentin this one quadrantwas also
recorded.

Thetotal numberof pineseedlingswascounted,but
seedlingswere too young to identify their species.
Seedlingdensitywascalculatedfrom thetotal number
of seedlingsfound in thesesubplots.The prescribed

bum cannotbe considereda successin regeneratinga
table mountainpine stand,however, if seedlingsare
clumpedandnot well distributedthroughoutthe area.
Therefore,standstocking wasusedas a measureof
seedlingdispersal.Theburnedareaswere considered
to have 100%stockingif at leastoneseedlingoccurred
in eachof the 28 subplots.This stockingapproximates
a seedlingspacingof 3 x 3 m2 or 1100seedlingsha’.
Although this spacingis wider thanthatrecommended
for pine plantations,it has been shown to produce
standsdominatedby pinein thesouthernAppalachian
mountains(Waldrop, 1997; Waldrop et al., 1989).

Pine seedlingswere excavatedalong transects
located approximately7 m away from each of the
60, 0.02 ha-sampleplots. Thesetransectswere 20 m
long and parallel to the long axis of each sample
plot. Tenpine seedlingsandtheir root systemswere
excavatedand measuredat 2 m increments along
eachtransect.Measurementsincludedseedlingheight,
duff depth, root length within the duff, and root
length within the mineral soil. All measurements
were completedat the endof thefirst growing season
after burning (late August through early September
1997).

To minimize thejudgementerrorsthat might have
occurredthroughoursubjectiveassignmentof plotsto
fire intensity categories,we employed discriminant
function analysesto verify plot assignments.Eight
variablesrepresentingmeasurablefire effectsor con-
ditionsknown to affect fire intensitywere includedin
astepwisediscriminant function analysis. Input vari-
ablesincludedplot meansfor severitycategory,inso-
lation category,bark charheight,barkcharheightasa
percentageof total tree height,and percentcover of
mountain laurel. Input variablesfor individual trees
included: maximum dbh killed per plot, maximum
height killed per plot, andmaximum height of bark
char on any one tree in the plot. Variables were
consideredto contributesignificantly to theclassifica-
tion of fire intensity at a=0.15. Those variables
selectedby the stepwiseprocedurewere then used
to form discriminant functions. Thesefunctionswere
used as the basis for changing the subjective plot
assignments.All analyseswere conductedusing the
groupings defined by the discriminant functions.

Treatment meansfor fire intensity levels were
comparedby one-wayanalysesof variance(ANOVA)
with meanseparationby linearcontrast(a=0.05).In
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analysesof pine seedling density and stocking, the
total numberof coneson thegroundandin the crowns
of treesin eachplot wasusedasa covariateto adjust
for differencesin seedavailability. Resultsof ANOVA
tests are provided as descriptivestatistics (Hurlbert,
1984)for this singleprescribedfire. Theseresultsmay
not be applicableto other areasbecauseno attempt
could be made to experimentally manipulate and
replicatelarge-scalefires at severallevelsof intensity.
Regenerationresponsesare likely to be confounded
with plot location, preburn fuel loading, or other
varialies.

3. Results

3. 1. Classificationoffire intensityby discriminani
function analysis

Stepwise discriminant function analysis selected
four variablesthat would significantly distinguishfire
intensitiesamongplots. Significant variablesincluded
(in the orderthat theywere selectedfor inclusion into
the model)meanbark charheight,height of thetallest
tree killed, bark char height as a percentageof total
treeheight,andpercentagecoverby mountain laurel.
Useof the resultingdiscriminant functionscausedus
to re-classify 14 study plots. No plot was shifted by
more than one category. After re-assignment,the
numberof sampleplots in each fire intensity category
was:

Intensity

Low
Medium-low
Medium-high
High

n
9
28

9
14

The meanvalue of eachdiscriminating variableis
givenfor eachfire intensitycategoryin Table I. Mean
bark char height rangedfrom 1.8 m for low-intensity
fires to 12.2 m for high-intensity fires. As should be
expected,bark char heights increasedwith increasing
fire intensity.A similarpatternwasseenwith themean
percentageof tree height with char. Mean valuesof
this variable rangedfrom 14 to 87%, with clear
differencesin valuesfrom categoryto categoryof fire
intensity.

Values for the tallest tree killed per plot did not
follow thepredictedpattern.In low-intensityplots,the
tallesttree killed averaged10.1 m tall. All other fires
killed treesup to about15 m tall, whichwasapproxi-
mately the height of the tallest treesthroughoutthe
bum unit. For classificationof study plots, this vari-
able likely identified low-intensityfires but wasunable
to distinguishamongplotsat all other fire intensities.

Inclusion of mountain laurel coverin the stepwise
function provided a measureof prebum conditions
ratherthan oneof fire effects.Inclusionof thisvariable
is logical becausetheseshrubsserveasvertical fuels
andgreatlyincreasefire intensity. Valuesrangedfrom
less than 30% for fires of low and medium-low
intensity to 41 and 86%, respectively, for medium-
high andhigh intensity fires.

3.2. Fire effects

3.2.1. Low-intensityfires
It wasnot possibleto observefire behaviorin each

plot or evenfor eachfire intensitycategory.However,
the valuesfor discriminatingvariablesshould give an
indication of the relative fire intensity at each level.
Low-intensity fires occurredin areaswith 26% cover
by mountain laurel, killed treesup to 10 m tall, and

Table I
Mean values of discriminatingvariablesby lire-intensitycategoxy

Intensity Mean bark
char height(m)

Height of largest
dead tree (in)

Bark charasa
pct of treeht

Percentcover of
mountain laurel

Low IS 10.1 143 26.2
Medium-low 2.0 14.9 18.8 29.6
Medium- high 6.6 16.4 44.3 41.1
High 12.2 14.9 87.0 85.9

Fourteenof 60 p1ois were re-classifiedusing thediscriminantfunctions
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Table2
Basal areaof overstory pines and hardwoodsbeforeand afterbuming by lire intensity categoly

Intensify Pine basal area(in ha ) Hardwoodbasalareatin
2 ha I)

Before buming After burning Before buming After burning

Low 62 a” 5.9 b 22.1 a 16.8b
Medium-low 10.9 a 6.0 b 23.6 a 5.1 a
Medium-high 1.9 a 1.1 a t~s a 0.5 ~
High 6.6a 0.Oa 2Q4 a lOs

“Meansfollowed by thesameletter within acolumn are not significantlydifferent at the 0.05 level.

charred the boles of trees up to a height of 1.8 an

(Table 1). Mean dbh for the largesttreeskilled in the
low-intensity fire plots was 18.2 cm.

Prior to burning,plots subsequentlyburnedat low-
intensity had 6.2 m2 of pinebasalareaand22.1 m2 of
hardwoodbasal area (Table 2). Low-intensity fires
had little effect on pine basal area but decreased

hardwoodbasal areato 16.8 m. Even though these
fires killed 5 1% of all stemsover2.5 cm dbh,most of
the mortality was amongtreesless than 15 cm dbh
(Fig. I). Low-intensity fires did not openthe canopy
sufficiently to allow sunlight to reachthe forest floor.
The mean insolation value after burning was 3.2,
which indicated that the forest floor was receiving
direct sunlight on no more than 60% of its area
(Table 3). The mean fire severity categorywas 2.3,
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Table 3
Mean fire severity
category

Intensity

and insolation categories by lire-intensity

Mean severity
Categoiy

Mean insolation
Category

Low
Medium-low
Medium-high

High

2.3a~
2.2 a
2.0 a

2.0 a

32 a
3.4 a
3.7 b

3.8 b

a column are not“Means followed by the same letter within

significantly different at the 0.05 level.

whichindicatedthat the litter layerwasremovedbut
that the duff layerremainedintact and little soil was
exposed(Table 3). The shrub layer was effectively

10 15 20 25 30 35 40 45 50 55

DBH O~ tan)

Fig. 1. Tree mortality by dbh class after fires of low-intensity.
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DIII Class(an)

Fig. 2. Tree mortality by dbh classafter fires of medium-lowintensity.

removed by low-intensity burning and tI is may
increaseseedgerminationandseedlingsurvival.

3.2.2.Medium-low intensityfires
Mountain laurel cover (29.6%), mean charheight

(2.0 in), andpercentchar (18.8) were slightly higher
for medium-low-intensityburningthan for low-inten-
sity burning(Table1). However,thesefiresweremore
effective than low-intensity fires in killing overstory
trees. In medium-low intensity plots, meansfor the
tallesttree killed andlargestdbh killed were 14.9 m
(Table I) and 39.1 cm, respectively.Thesevalues
generally describethe largesttreesin the burn unit.
Eightyfive% of all treesover 2.5 cm dbh were killed
by medium-lowintensity fires (Fig. 2). Mortality was
greatestin the lower dbh classes,but sometreesin all
size classeswere killed. The combination of a rela-
tively low mean bark char height with mortality of
large treesmay indicate that hot spots occurredin
manystudy plots.

Medium-low intensity fires reducedthe basal area
of bothpinesandhardwoods(Table2). Pinebasalarea
was reducedby 45% (from 10.9 to 6.0 in

2) while
hardwoodbasal area was reduced by almost 80%
(from 23.6 to 5.1 in’). Although fires of this intensity
were muchmore effective than low-intensity fires in
reducing overstorycover, they may not have killed

enoughof the overstory to allow adequateinsolation
for pine seedlings.Total stand basal area was
11.1 m2 ha after medium-low intensity fires
(Table 2) and the mean insolation categorywasnot
significantly different than that for low-intensity fires

(Table 3). Mean fire severity categorywas 2.2, indi-
catingthat the duff remainedintact andlittle soil was
exposed.Prebumshrubcoverwaslight andessentially
all shrubswerekilled by the fire.

3.2.3. Medium-highintensityfires
Tall flamesthatreachedinto thecrownsofoverstory

treeswere more widespreadin plots burned at the
medium-high intensity category than in plots burned
at lower intensities. These flames may have been
supportedby mountain laurel, which covereda much
higherproportionof eachstudyplot (41%,Table 1). In
addition, the meanbark charheight (6.6 m) andthe
percentageof the total height of the tree with char
(44.3%) were much higher than in plots burned at
lower intensities. Height of the tallest tree killed
(16.4m) anddbh of the largesttree killed (39.1 cm)
were similar to thosefor medium-low intensity plots
andapproximatelyequal to thoseof thelargesttreesin
all plots.

Mortality of overstorytrees was very high (96%)
andwascommonin all dbh classes(Fig. 3). Medium-
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Fig. 3. Tree mortality by dbh classafter fires ofmedium-highintensity.

high intensity fires reducedstandbasalareafrom 7.9
to 1.1 an2for pinesand from 15.5 to 0.5 m2 for hard-
woods.Insolation levelsnow reachingthe forest floor
(mean value 3.7) maybe adequatefor seedlingsurvi-
val. This insolation level is significantly higher than
thosefor plots in the low andmedium-low intensity
categories(Table3) andindicatesthat60—100%of the
forestfloor areawasreceivingdirectsunlight. As with
all other intensity levels, the shrublayerwasremoved
by burning. The boles of dead overstorytrees cast
most of the shadeobservedin plots burned at the
medium-high-intensity.

An unexpectedresult was that fire severity was
somewhat lesser in plots burned at medium-high
intensity than in plots burned at lower intensities
(Table 3). Mean severity for the medium-highinten-
sity plots was2.0, indicating that the litter layerwas
consumedbut that the duff remained intact and
mineral soil wasnot exposed.

3.2.4. High-intensityfires
Densemountain laurel cover(86%) contributedto

fire intensity in theseplots. Flameswere estimatedto
reachheightsof 30 m (approximatelytwice the height
of the tallest trees) at their maximum and were
observedto carry betweentree crowns. Mean bark
charheightwas12.2m andmosttreeshadevidenceof
char over their entire height (Table I). Few trees

survived this level of fire intensity (99% mortality)
(Fig. 4), and standbasal areawas reducedto only
1.0 m2ha~’ (Table 2). Insolation reachingthe forest
floor washigh but not significantly differentfrom that
for plots in the medium-high intensity category
(Table3). Theseplotshadvery high shrubcoverprior
to burning, but this layer was essentiallyremoved.
Most shadein theseplotswascastby thebolesof dead
trees.As in medium-low intensity plots, fire severity
wasunexpectedlylow (Table 3).

3.3. Post-bumregeneration

Post-bumcountsof pine seedlingssuggestthatfires
were of sufficient intensity to open serotinouscones
throughoutthe bum unit including areas burned at
low-intensity. Post-bum pine density ranged from
3448 stemsha-’ to more than 22 000 sterns
(Table 4). An unexpectedresult was that the lowest
pine densitieswere in plots burned at the highest
intensity levels. This patternsuggeststhat coneswere
consumedby fire orseedskilled by intenseheatwhere
flamesreachedinto the crownsof trees.

Even though plots burned at high-intensity had
fewer seedlings than other plots, the 3448
seedlingshat that werepresentshould createpine-
dominatedstandswhereseedlingsare well dispersed.
However, pine seedlingswere found at only 5 1% of
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Fig. 4. Tree mortality by dbh class after fires of high-intensity.

Table4
Densityand stockingofpine regenerationone growingseasonafter

burningby fine intensity level

Intensity Density
(num ha-’)

Stocking
(percent)

Low 13852ab” 71.3b
Medium-low 22551 a 93.8 a
Medium-high 9015 b 63.1 bc
High 3448 b 51.1 c

“Means followed by the same letter within a column are not
significantly differentat the 0.05 level.

the sampling points (Table 4). This indicates that
portionsof the burnedareashadno pineregeneration
andmay bedominatedby hardwoods.Plots burnedat
the medium-high intensity level also had low pine
stocking(64%). Pine density and stocking levels for

Table S

plots burnedat low andmedium-lowintensitiesshould
be adequateto develop into pine-dominatedstandsif
the seedlingsreceiveadequatesunlight.

Competition from hardwoods and shrubs that
sproutedafter the fire may inhibit the development
of a pine-dominatedstand.The most common hard-
woodswereblackgum(NyssasylvaticaMarsh.),oaks
(especiallychestnutoak), and sassafras(Sassafras
albidum (Nutt.) Nees)(Table 5). Therewereno sig-
nificant differencesin the numberof sproutshat by
fire-intensitycategoryfor any speciesor for the total.
This suggeststhatmost hardwoodrootstockssurvived
even high-intensity fires and resprouted. The total
numberof sproutsha- washigh at all intensity levels,
ranging from 26 590 to 37 371. Standdevelopment
wtll be monitoredfor severalyearsto determinethe
effect of hardwoodcompetitionon pine survival.

Regeneration(sproutshst)of predominanthardwoodspeciesand speciesgroups by fire intensity categoty

Intensity
Blackgum Oaka~ Sassafras

Others
Hardwoods Total

Low
Medium-low
Medium-high
High

15988
16379
15201
11404

4678
8588
6118
7815

474
9412

1875
4861

2658
2932
3396
7457

32 150
37371
26590
31537

“Includes chestnutoakandscarlet oak.
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Table 6
Height and rooting characteristicsof pine seedlingsby fire intensity category

Intensity Poatbum
Forest floor Seedling Total root Length of Percentage of seedlings
depth (cm) height (cm) length (cm) root in soil (cm) with roots in the soil

Low 5.3ab” 6.9a 9.4a 4.6a 71.1 a
Medium-low 3.8 a 8.6b 10.4a 6.4 b 94.6 b
Medium-high 7.6b 7.1 a 102 a 3.6 a 63.0
High 6.6 b 7.4 a 9.7a 4.3 a 56.1 a

“Means followed by the same lener within a column are not significantly different at the 0.05 level.

Pine survival may be limited if the roots of pine completeremoval of the forest floor is not recoin-
seedlingscannotpenetratethe duff left afterburning. mended.Stoneet al. (1995)showedthatseverebums
Destructivesampling of pine seedlingsshowedlittle on Appalachian sites create excessiveerosion and
evidenceof fire-intensity effectson root development reducesite productivity.
(Table6). Duff depthvaried significantly amongplots Root measurementsfrom all areaswere combined
burnedat various intensity levelsbut therewas no to showthe relationshipof duff depthto severalpine
clear relationshipbetweenduff depthand fire inten- seedling characteristics(Table 7). The number of
sity. Thethinnestduff layerdid occur in plots in the seedlingssampledgenerallydecreasewith increasing
low- and medium-lowintensity categories.Thin duff duffdepth.This patternprobablyreflectsa combina
layersmight be associatedwith greaterresidencetime tion of increasedmortality with increasedduff depth
for theselower-intensityfires, but prebum measure- andreducedsamplingprobability for the smallerarea
ments of duff depthwere not taken,so this is spec- coveredby thethickerduff layers.As we expected,the
ulative. percentageof seedlingsthat had roots reachingthe

Therelationshipof total root length,duff depth,and mineral soil decreasedwith increasingduff depth. A
seedlingheightshowstheimportanceof burningaway significantfinding, however, is that the roots of over
muchof the duff. In this study, total root length was 80% of sampledseedlingswere able to penetratea
unaffectedby fire intensity or duff depth(Table 6). duff asthick as 7.5 cm andalmost all sampledseed-
Therootsof all seedlingssampledwereapproximately lings had roots that penetrateda duff that was 5 cm
10 cm long. Therefore,seedlingshada largerportion thick. This finding makesit clear that the total con-
of their root penetratinginto themineral soil in areas sumptionof the forestfloor is not requiredfor germi
wheretheduffwasthin. In plotswith thethinnestduff nation andsurvival of table mountainpine.
(medium-low-intensity), the proportion of seedlings Seedlingheightwassmallerasduff depthincreased
with rootsreachingthemineral soil, thelength of root (Table 7). However,all of the seedlingspresenthad
in mineral soil, andseedlingheightwere significantly survivedthe first growingseason,andthoseon thicker
higher than in any other plots. Even though pine duff layersmayextendalargerportion of theirroots to
seedling growth was betterwith thinner duff layer, mineral soil in the next growing season.

Table 7
Seedling height and percentageof seedlingswith roots penetrating the forest floor into mineral soil by forest floor depth

Duff depth Seedlings Number with Percent Mean seedling

(cm) sampled roots in the soil of total height (cm)

2.5 170 162 95.3 8.9
5.0 223 209 93.7 8.1
7.5 103 83 80.6 7.4

10.0 70 28 40.0 6.6
125 47 9 19.1 6.4
15.0± 37 2 5.4 5.8
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4. Conclusions

Even though it was impossible to measurefire
intensity directly in this study, post-bum measure-
ments of fire effectswith intensity categoriesdefined
by discriminant function analysismay havebeen an
acceptablesubstitute.Classificationof fire intensityby
discriminant functions appearedto provide a less
biased approachin classifying fire intensity than
ocular judgement. The method employed multiple
variablesand providesan overall indication of fire
behavior for this reason.Basedon the discriminating
variables,fire behaviormay be describedas follows:
low-intensity fires had flamesthat rarelyreachedinto
the crownsof treesandwere relativelyuniformacross
study plots. Theytop-killed all shrubs,but treesover
15 cm dbh survived.Medium-low intensity fires had
flames that were slightly taller than those of low-
intensity fires, but thesefires hadoccasionalhot spots
that killed largetrees.Medium-highintensity fireshad
much higher flames that typically reachedinto the
crowns of overstorytrees. Few trees survivedthese
firesandinsolationto forestfloor wasincreased.High-
intensityfireshadflamesthat wereastall or taller than
the tallest overstorytreesand carriedfrom crown to
crown. Essentiallyno treessurvived thesefires and
the forest floor receivedabundantsunlight.

Definitive recommendationsabout ftre intensity
neededto successfullyregeneratetable mountainpine
standscannotbe madeon the basisof a single pre-
scribed bum or for stand development observed
throughonegrowing season.Becauseall study plots
fell within onebum unit, it is impossibleto determine
if the differencesreportedhere were due to fire
intensity or other confoundedvariables. Also, pine
numbersmay increasewith additional germinationin
thesecondgrowingseasonor decreaseif thatgrowing
seasonis dry. However, the descriptive statistics
shownhere indicatethat fire intensity levels did not
haveto reachextremelevelsto successfullyregenerate
table mountain pine in this study area. Insolation
levels to the forest floor increasedby medium-high
and high-intensity fires becauseof high mortality of
treesandshrubs.Low- andmedium-lowintensity fires
probably did not kill enoughof the overstorytreesto
ensure seedling survival. In medium-high intensity
plots, flames reachedinto the canopiesof overstory
treesbut probablydid not carry from crown to crown.

In plots burnedat this intensity level, overstorymor-
tality wasnear100%,insolationto theforestfloor was
abundant, and seedling density was adequate.Pre-
scribedfires conductedat the medium-high intensity
level arelessdangerousandcan be achievedduringa
largerburningwindowthan high-intensityfires. Addi-
tional researchis neededto determineif thesecooler
fires should be prescribedfor all table mountainpine
regeneratton.

Previousresearchindicatedthat successfulregen-
erationof table mountain pine requiredathin forest
floor (Williams and Johnson, 1992) and abundant
insolation(Zobel, 1969). In this study,post-bumduff
depthwasnot clearlyassociatedwith fire intensityand
remainedthicker in most areasthan the 4 cm max-
tmum recommendedby Williams andJohnson(1992).
However, largenumbersof seedlingssurvivedthefirst
growingseasonon adufflayerthatwasnearlytwiceas
thick as this maximum.This suggeststhat duff depth
may not be as critical as once thought. Continued
survival of theseseedlingswill showthat prescribed
fires can be conductedwhen the lower layers of the
forest floor are moist, thus protecting steepslopes
from erosionand loss of site productivity.
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